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Melanosomes isolated from mouse melanoma
by density-gradient eentrifugation have been
characterized as distinctive cell particles which
are the site of melanin formation and arc found
within the cytoplasm of the melanocyte (1). The
morphology of mclanosomcs and melanin gran-
ules has been revealed by electronmicroscopy.
Birbeck and Barnicot (2) and Sciji, Fitzpatrick
and Birbeck (1) have observed a series of steps
in the formation of melanin granules within the
melanocyte. Recently, Drochmans (3) has re-
ported that in human and cat skin there appear,
under the electron microscope, to be two dis-
tinct constituents in melanin granules: 1) a
framework with what appears to be a crystalline-
like structure, and 2) a diffuse component which
seems to have no structure. This diffuse con-
stituent has a relatively high density and seems
to fill the space between the latticework of the
structural component. Two kinds of melanin
granules were distinguished in Drochman's
study: light melanin granules which may cor-
respond to mclanosomcs, and dense melanin
granules. It has been suggested that there is a
reciprocal relationship between degree of melani-
zation and amount of measurable tyrosinase
within the melanosome (4). Thus, the biological
status of melanosomes and melanin granules in
melanin-forming cells has been delineated both
morphologically and biochemically.
The origin and development of melanosomes
in the melanocyte, however, are not known. The
experiments to be described in this paper were
performed in an effort to clarify the unknown
aspects of these problems. The presence of
* From the Research Laboratories of the De-
partment of Dermatology of the Harvard Medical
School at the Massachusetts General Hospital,
Boston 14, Massachusetts and t The Chester
Beatty Research Institute, Institute of Cancer
Research, Royal Cancer Hospital, London,
S.W.3, England.
This work was supported by Grant # CY-5010
of the National Institutes of Health, U. S. Public
Health Service, Department of Health, Education
and Welfare and by Grant 257-B of the Damon
Runyon Memorial Fund for Cancer Research, Inc.
Presented at the Twenty-second Annual Meet-
ing of The Society for Investigative Dermatology,
Inc., New York, N. Y., June 27, 1961.
359
tyrosinase activity in the ribosomal fraction
isolated from B-16 mouse melanoma and the
biosynthesis of tyrosinase in the microsome frac-
tion will be described.
MATERIAL AND METHODS
1. Preparation of the Density-Gradient Tubes
Tubes of the Spinco, swinging-bucket rotor,
SW-39-L were prepared by layering 0.5 ml of
eight different concentrations of sucrose solution
in serial order, with the most concentrated layer
at the bottom of the tube. They were then allowed
to stand overnight (18 hours) so that the gradient
might become smooth; at the end of this interval,
1 ml of freshly prepared "small-granule suspen-
sion" was layered carefully over the top of each
tube. The sucrose concentrations used were 1.8 M,
1.6 M, 1.4 M, 1.2 M, 1.0 M, 0.8 M, 0.6 M and 0.4 M
(Fig. 1 A).
2. Preparation of the Various Cell Components
B-16 mouse melanoma was serially transplanted
in C-57 strain mice. The entire, actively growing
melanoma was excised when it reached 1.0—1.5 cm
in diameter and was promptly homogenized in
0.25 M sucrose at about 0° C. All subsequent
processing took place in a cold environment (about
3° C) (Fig. 2). The homogenate (melanoma:
sucrose, 1:6, w/v) was fractionated by differential
centrifugation at 1° C by a modification of the
procedure of van Landser and Holtzer (5). Tbe
nuclear fraction was separated by centrifuging the
homogenate for 10 minutes at 700 X g. The re-
sulting sediment was washed three times by re-
suspension in sucrose solution. The combined
washings and the cytoplasmic fraction were
centrifuged for 10 minutes at 21,000 X g to yield
a "large-granule fraction" which was washed twice
by resuspension in sucrose solution.
The "small-granule fraction" was prepared by
centrifuging the washes and the supernatant from
the large-granule fraction in the Spinco ultra-
centrifuge for 60 minutes at 105,000 X g. The
resulting supernatant is hereafter referred to as
the supernatant. The small-granule fraction was
resuspended in 0.25 M sucrose solution to make
the "small-granule suspension" used as starting
material for the density-gradient centrifugation
(Fig. 1 B). Usually, the sediment was resuspended
in the proportion of 1:1 (v/w) of wet tissue.
Tissue in 5—9 vols. isotonic sucrose solution
homogenized for 2 mm.
(Potter-Elvehjern type homogenizer)
centrifuged
700 X g for 10 mm.
1 Supernatant
centrifuged
21,000 X g for 10 mm.
Sediment
-L-_Supe
resuspended
centrifuged
21,000 X g for 10 mm.
t Runornqqf
centrifuged
105,000 X g for 60 mm.
Supernatant
SOLUBLE FRACTION
resuspended in
isotonic sucrose
SMALL-GRANULE SUSPENSION
FIG. 2. Steps in the separation of cell components
FRACTION
NUMBER
2
3
4
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• l.Oml GRANULESUSPENSION
0.4 0.5 ml
0.6 O.5rnl
0.8 0.5 ml
1.0 0.5 ml
1.2 0.5 ml
.4 O.5m1
1.6 0.5 ml
0.5 ml
A B
FIG. 1. A. Density-gradient tube before centrifugation, showing the eight different concentrations
of sucrose solution and the suspension of small granules in 0.25 M sucrose. The gradient was prepared 18
hours in advance; the small-granule suspension was added immediately before centrifugation. B. Frac-
tions 1 through 5 as they appear in the gradient tube after ultracentrifugation at 103,000 X g for 1 hour
in a horizontal rotor. The two opaque fractions and the places where the tube was cut are shown dia-
grammatically.
PREPARATION OF CELL COMPONENTS(All procedures should be carried out in a cold environment)
5
NUCLEAR FRACTION
(may contain erythrocytes,
connective tissue, residual
intact cells)
resuspended in
isotonic sucrose
LARGE-GRANULE SUSPENSION
melanosomes
mixed with
Supernatant5
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3. Separation of the Various Fractions
after Centrifugation
At the end of the run, the tubes were examined
against a black background with a lateral light.
The zones chosen for sampling were marked on
the wall of the tube with water-fast ink and the
tube was cut with a specially designed centrifuge-
tube cutter (6, 7). Fig. 1 B shows where the tube
was cut to permit collection of the individual
fractions and how the fractions were numbered.
4. Determination of Tyrosinase Activity
Tyrosinase content was estimated manomet-
rically by measuring the oxygen consumption,
using a 10:1 mixture of L-tyrosine and L-dopa as
substrate (1.77 micromols) in M/l0 phosphate
buffer (pH 6.8) (8).
5. Biochemical Analysis
Tbe samples were analyzed according to the
technic of Schmidt-Thannhauser (9) modified by
substituting perchloric acid for trichloroacetic
acid. The phospholipids were estimated from the
phosphorous content of the lipid fraction. Ribo-
nucleic acid was calculated from the phosphorous
content of the RNA fractions (RNA-P). To de-
termine the protein-nitrogen content, the protein
was precipitated by adding 10% trichloroacetic
acid to each sample. The precipitate was spun
down, washed once with trichloroacetic acid
and dissolved in 1 N NaOH solution. The nitrogen
content of this alkaline solution was determined
by the method described by Johnson in 1941 (10).
6. Morphological Methods
For electronmicroscopy, suitable aliquots of
each fraction were mixed at 00 C with 2% osmium
tetroxide buffered with acetate veronal to pH
7.4 and centrifuged at 105,000 X g for 1 hour.
The sediment was then dehydrated in a graded
series of ethyl alcohols and embedded in Araldite
resin. The specimens were sectioned with a mod
TABLE 1
Distribution of tyrosinase activity in the various
fractions isolated from B-16 mouse melanoma
Fraction
Tyrosinase
Activity,
0,/minute
Recovery,
Nuclear
Large-granule
Small-granule
Supernatant
6.3
9.55
4.2
2.49
28
42.4
18.6
11.0
ified Cambridge rocker-microtome and studied by
means of a Siemens Elmiskop I.
7. In Vivo Incorporation of Leucine-C'4
by Soluble Tyrosinase
Treatment of Animals: Eight or ten adult,
female mice bearing B-16 melanomas 1—2 cm in
diameter were given an intraperitoneal injection
of 1 jic/iO g body weight of uniformly labeled
L-leucine-C4 (Nuclear Chicago) in 0.05 ml of
buffered saline solution.
Cell Fractionation Procedure: The mice were
killed at various intervals after injection of the
leucine-C14, and the melanoma was immediately
excised and homogenized in 5—9 volumes of ice-
cold, 0.25 sucrose solution. The homogenate was
fractioned by differential centrifugation at 00 C
by a modification of the procedure of van Lancker
and Holtzer (5).
100 -
Tyrosinase
RNA
Phospholipide
Protein
I 2 3 4 5
FRAC TION
Fm. 3. Tyrosinase activity and RNA, phospho-
lipide and protein-nitrogen content of Fractions 1
through 5 separated from the small-granule sus-
pension of B-16 mouse melanoma by density-
gradient centrifugation. Percent recovery is
calculated in terms of the sum of the amounts
recovered in all fractions. Each point on the curve
is the average of four observations. The various
fractions are numbered as in Fig. 1. Total recov-
eries were: protein-nitrogen, 94%; tyrosinase
activity, 125%; RNA, 84.6%; phospholipide,
90.8%.
Il x———x
0:
90
80 -
70 -
60 -
50 -
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The supernatant resulting from centrifugation
of the homogenate at 700 X g for 10 minutes,
when reeentrifuged at 11,000 X g for 10 minutes,
yielded a sediment which was resuspended in 0.25
M sucrose and recentrifuged at 11,000 X g for
10 minutes. This sedimeut, the "large-granule
fraction", was used as one of the starting ma-
terials for the extraction of soluble tyrosinase.
The supernatant obtained after the second cen-
trifugation (11,000 1< g for 10 minutes) was re-
centrifuged at 25,000 X g for 10 minutes aud the
resulting supernatant was subjected to further
high-speed centrifugation at 105,000 X g for 1
hour to yield the "small-granule fraction."
8. Extraction of Soluble Tyrosinase
Soluble tyrosinase was extracted from both
the small-granule fraction and the large-granule
fraction by a modification of the procedure of
Brown and Ward (11). The fraction to be tested
was suspended in 30 ml of cold, 0.5% sodium
desoxycholate solution in 0.05 M tris buffer at pH
8.0 and homogenized for 1 minute. The resulting
suspension was 4e saturated with (N114)2504 by
the addition of saturated (NH4)2504, mixed with
an equal volume of cold (3° C) acetone, and 01-
tered through a Buchner funnel at room tempera-
ture (22° C) to remove the precipitate. Another
volume of cold acetone was added and the mix-
ture was centrifuged. The precipitate obtained was
resuspended in 5 ml of 0.1 M phosphate buffer
at pH 6.8 and dialyzed against 5 liters of cold,
distilled water overnight (18 hours) with at least
two changes of distilled water. The dialyzed sus-
pension was made up to 7 ml by the addition
of 0.1 M phosphate buffer at pH 6.8 and cen-
trifuged to separate out the clear supernatant
which contained the soluble tyrosinase.
9. Measurement of the Radioactivity of
the Soluble Tyrosinase
A 3 ml aliquot of the soluble tyrosinase was
mixed with an equal volume of 10% trichloroacetic
acid aod heated to 95° C for 15 minutes. The
protein thus precipitated was separated by cen-
trifugation and washed again with hot, 5% tn-
chioroacetic acid; it was then subjected to two
washings each with an alcohol-ether mixture at
45° C (3:1, v/v) and ether at 38° C. The final
precipitate was dried by heating to 50° C and dis-
solved in 1 ml of 1 M hydroxide of Hyamine 10-X
(P - (di - isobutyl - cresoxyethoxyethyl)dimethyl-
Fm. 4. Electronmicrograph of Fraction 2 isolated from the small-granule suspension of B-16 mouse
melanoma by density-gradient centrifugation. Particles are almost exclusively small and dense. Mag-
nification, X 20,480. The line in the lower part of each electronmicrograph denotes the length of one
micron.
Fm. 5. Electronmicrograph of Fraction 2 isolated from the small-granule suspension of B-16 mouse
melanoma by density-gradient centrifugation. The particles are quite similar in size and density and
show some clumping. Magnification, X 102,400.
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beazylammonium hydroxide) in methanol (12).
This solution was transferred quantitatively to a
vial by three 5 ml washings of scintillating solu-
tion (4 g of 2-5-diphenyloxazole and 100 mg of
1, 4-bis-2-- (phenyloxazole) -benzene dissolved in
1000 liters of toluene) and counted in the Packard
liquid-scintillation counter at least three times.
A known amount (2540 d.p.m. in 0.5 ml of toluene)
of benzoic-C'4 acid was then added to the vial and
the mixture was counted again in the same
counter. The d.p.m. value of the samples was
calculated from the difference between the count-
ing rate with and without the internal standard
and the counting rate without the internal
standard. Ether-washed, dry protein was obtained
in the same way from another aliquot (2 ml) of
the soluble tyrosinase and dissolved in 0.1 N
sodium hydroxide so that its nitrogen content
could be determined by the method already de-
scribed. The specific radioactivity of the soluble
tyrosinase is expressed as d.p.m./pg proteio-ni-
trogeo.
RESULTS
Distribution of Tyrosinase Activity in
the Various Fractions
The various fractions of mouse melanoma were
isolated by the differential centrifugation de-
scribed above, and made up to the same volume
as the homogenate which was used as the start-
ing material after 0.25 M sucrose solution had
been added. Table 1 shows the distribution of
tyrosinase activity in the various fractions as
determined by the method described above. Since
the nuclear fraction may be contaminated with
intact cells, tissue and relatively large amounts
of cell debris, the tyrosinase activity of this
fraction is not significant. In the experiments
reported here, it was found that the greater
part of tyrosinase activity is localized in the
large-granule fraction, but some is consistently
present in the small-granule fraction which does
not appear, under the electron microscope, to
contain any melanosomes.
Separation by Density-Gradient Centrifugation
When the density gradient shown in Fig. 1 A
was centrifuged with "small-granule suspension"
at 103,000 x g for 1 hour in a horizontal rotor
(SW-39-L of the Spinco Centrifuge), a relatively
wide, pinkish red, clear band (Fraction 2) typi-
cally formed in the contents of the tube below
the clear top layer (Fraction 1). A wide zone of
opalescent material without any sharp lower
FIG. 6. Electronmicrograph of Fraction 2 isolated from the small-granule suspension of B-16 mouse
melanoma by density-gradient ceotrifugation. The field was selected to show the 100—150 A, electron-
dense ribonucleoprotein-like particles and some smooth membranes. Magnification, X 99,200.
FiG. 7. Electronmicrograph of Fraction 3 isolated from the small-granule suspension of B-b mouse
melanoma by density-gradient centrifugation. This fraction was found to consist mainly of smooth
membranes.
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boundary extended from the bottom of Fraction
2 down to the level in the tube where 1.6 M
sucrose was superimposed upon 1.8 M sucrose
when the solutions were originally layered (Fig.
1 B). For sampling, the opalescent zone was
divided into two parts, Fractions 3 and 4. The
completely translucent and colorless zone at the
bottom of the tube, below Fraction 4, is Frac-
tion 5.
Distribution of Tyrosinase, RNA, Phospholipid
and Protein in the Various Fractions
All five fractions were examined for tyrosinase
activity, RNA, phospholipid and protein by
the method described above. In Fig. 3, which
shows in detail the results obtained, percentage
is calculated in terms of the total amount of
material recovered in all fractions. Each point
on the curve is the average of four observations.
The curve for tyrosinase activity reached its
peak in Fraction 2 which contained 94% of the
total activity recovered in all fractions. Fraction
2 also had a high RNA and phospholipid con-
tent, 68.5 and 50% respectively, of the amount
contained in all fractions.
Electronmicrogaphs of the Various Fractions
Eleetronmierographs show that the small-
granule suspension contains many cell elements,
such as membranes covered with particles,
particles and smooth membranes. A typical
electron-microscope field (Figs. 4, 5, 6) shows
that Fraction 2 consists mainly of small, dense
particles which are not sharply outlined and
form large clusters. The particles are quite
similar in both size and density to the 100—150
A RNP particles prepared from the microsomes
of guinea-pig liver (13). A few smooth membranes
can also be seen. Fraction 3 consisted mainly of
smooth membranes (Fig. 7).
In Vivo Incorporation of Leucine-C°4 by the Soluble
Tyrosinase Isolated from Mouse Melanoma
The amount of L-leueine-C'4 which was present
in the soluble tyrosinase of each fraction 30, 45,
60, 90, 120 and 240 minutes after injection of
L-leucine-C'4 is shown in Fig. 8. The immediate,
rapid labeling of the soluble tyrosinase isolated
from the small-granule fraction is noteworthy.
The specific activity of this soluble tyrosinase
attained a maximum at 60 minutes and de-
creased thereafter. The soluble tyrosinase iso-
Fm. 8. Comparison of the rate of incorpora-
tion of leucine-C'4 into the soluble tyrosinase
isolated from the small-granule fraction and the
large-granule fraction of B-16 mouse melanoma.
The specific radioactivity (disintegration per
minute per pg protein-nitrogen) was determined
at various intervals after injection of leucine-C'4
into living mice with melanoma.
lated from the large-granule fraction, on the
other band, incorporated labeled amino acid
slowly at first and reached its maximum specific
activity 120 minutes after injection. At 105
minutes, the specific activity of the soluble
tyrosinase of the large-granule fraction rose
above that of the small-granule fraction and
remained above it thereafter.
DISCUS5ION
The localization of mammalian tyrosinase
activity in a suspension of cell particles has been
reported by various investigators (14, 15). The
results obtained when the distribution of tyro-
sinase activity in the different cell components
was determined by means of recent separation
methods are shown in Table 1.
The regular presence of tyrosinase activity
in the small-granule fraction raises the following
questions: 1.) Is the small-granule fraction con-
taminated with small melanosomes whose mor-
o Small granule
• Large granule
2 3 4
HOURS AFTER LEUC/t/E-C"4 IA&/ECTIOtV
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phological and biochemical features have been
clarified? 2.) Do the cell components present in
the small-granule fraction really contain tyro-
sinase activity? To answer these questions, the
particles present in the small-granule fraction, in
which tyrosinase is found, were isolated by the
density-gradient method specifically designed
for this purpose. The experiments here described
show that under the electron microscope, the
small-granule fraction (so-called mierosome frac-
tion) isolated from B-16 mouse melanoma, con-
tains smooth membranes, small particles and
membranes covered with particles; it does not,
however, contain any particles whose structure
resembles that of the melanosomes present in the
large-granule fraction. Density-gradient eentrif-
ugation made possible the separation of these
components into different zones according to
their sedimentation rate. Almost all the tyro-
sinase activity in the gradient tubes was found
in Fraction 2, the boundaries of which correspond
to the level where 0.5 and 0.7 M sucrose meet in
the original gradient. When the density of
melanosomes is compared with that of the par-
ticles contained in Fraction 2, the difference in
the density of the two preparations becomes very
clear. The density of the melanosomes was much
greater than that of the particles in Fraction 2,
and the position of the melanosomes in the tube
corresponded with the boundary between 1.8
and 2.6 M sucrose in the original gradient (1).
Eleetronmierographs of Fraction 2 show that
this fraction consists mainly of small, electron-
dense particles, 100—150 A in diameter, with
some contamination by smooth membranes.
From these experimental results, it can safely
be concluded that Fraction 2 derived from the
small-granule fraction is not contaminated by
melanosomes and that the particles in this frac-
tion and melanosomes are disparate in nature.
The difference between the chemical composi-
tion of melanosomes and that of Fraction 2 is
also quite definite (16).
The mierosome fraction isolated from various
mammalian tissues contains small, electron-
dense particles (13, 17, 18). The appearance of
particles of this type in the Fraction 2 isolated
from B-16 mouse melanoma was very similar to
that of particles isolated from the liver and pan-
creas of guinea-pigs (13). Small, ribonueleo-
protein particles (ribosomes) separated bio-
chemically from the mierosome fraction with
deoxyeholie acid contain a high concentration
of ribonucleic acid (17, 19). The RNA content of
ribosomes isolated from B-16 mouse melanoma
was found to be 40% (20). Chemical analysis
revealed that Fraction 2 contained 13—20%
ribonueleic acid and some phospholipid. Al-
though the Fraction 2 studied in these experi-
ments may not have been a pure suspension
of ribosomes, it did contain small particles that
look like ribosomes and it had a high content
of ribonueleic acid. It is possible, therefore, to
consider that it was similar in nature to "ribo-
somes".
The use of radioactive tracers for the intensive
investigation of protein biosynthesis during the
last decade has been based on the premise that
mierosomes, more specifically ribosomes, are the
intracellular site of protein synthesis. The es-
sential role of RNA in protein synthesis has been
well demonstrated (17). It is therefore necessary
to consider in terms of protein synthesis the
significance of tyrosinase activity in the Fraction
2 of the experiments described; in other words,
are the particles found in Fraction 2 the site of
tyrosinase biosynthesis?
If melanosomes are accepted as the site of
melanogenesis in the melanocyte (1), is tyro-
sinase, the enzyme responsible for the formation
of melanin from tyrosine, synthesized in the
melanosome? Is tyrosinase derived from its
precursor in the melanosome by a mechanism
similar to that involved in the formation of
-ehymotrypsinogen in the pancreas?
Incorporation of radioactive amino acids
in vivo has been repeatedly used to demonstrate
the synthesis of specific proteins such as ribo-
nuclease (21, 22), trypsinogen and ô-ehymo-
trypsinogen (21, 23, 24). Isolation of specific
proteins from various cell fractions after in vivo
or in vitro labeling has also been used in several
studies as a means of locating the intracellular
sites of protein synthesis (24, 25, 26).
The in eivo incorporation of leueine-C'4 into
the soluble tyrosinase of various cell particles
has been determined. Because the method of
isolating soluble tyrosinase from cell particles
is inefficient, the large-granule fraction and the
small-granule fraction, respectively, were used
as starting material for the isolation process.
This made it possible to obtain sufficient soluble
tyrosinase for experimental purposes. The curve
of incorporation into tyrosinase from the small-
granule fraction rose more rapidly at first than
the curve of incorporation into tyrosinase from
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the large-granule fraction, reaching its peak 60
minutes after injection of the leueine-C14, and
then fell below the curve of incorporation into
tyrosinase from the large-granule fraction (Fig. 8)
In electrophoretic studies, the soluble tyro-
sinase isolated from these two fractions was es-
sentially the same. Two compounds were present
and both incorporated leueine-C'4. Therefore,
although the soluble tyrosinase studied in this
series of experiments was not pure, the findings
make it reasonable to suppose that leucine-C14
was incorporated into the enzyme. According to
the mathematical analysis by Reiner (27), the
pattern obtained by these two curves is quite
suggestive proof of the precursor-product re-
lationship between the small granules and the
large granules in terms of tyrosinase.
Under the electron microscope, the appearance
of melanosomes is quite different from that of
the small particles in Fraction 2, and no morpho-
logical evidence has been found in the melanin-
forming cell of transitional forms between the
small particles and melanosomes. The chemical
composition of melanosomes differed from that
of Fraction 2: the RNA content of Fraction 2
was as much as 24 times that of melanosomes
which contain only 4 tg RNA-P/mg protein-
nitrogen. At the present time, therefore, it seems
very unlikely that tyrosinase is synthesized
within the melanosome.
The data obtained in morphological, chemical
and in vivo studies are all compatible with the
hypothesis that tyrosinase is synthesized in the
small granules of Fraction 2 (presumably ribo-
somes) and is subsequently transferred to and
stored in melanosomes.
It has been suggested that substances formed
in the secretory cell may be synthesized in or
on ribonueleoprotein particles which are attached
to the membrane of the endoplasmie reticulum,
and then transferred across the limiting membrane
of the network and deposited in its cavities. In
the form of granules or in solution, the product
of secretion might move through the channels
of the reticulum to the Golgi zone to be separated
there into quanta, each surrounded by its own
membranous envelope within which condensa-
tion would take place; in other words, each
quantum might become a secretory granule
(24, 28, 29).
At the present time, although a few mecha-
nisms involved in the formation of the melano-
some remain unknown (e.g., condensation of
tyrosinase in the region of the centrosphere and
formation of the network), it can be assumed
that in the melanoeyte tyrosinase is synthesized
in the ribonucleoprotein particles and trans-
ferred to the Golgi area where it is quantized.
Each quantum might then acquire a membranous
envelope within which the tyrosinase is con-
densed and loaded onto or into the network.
Structures of this sort, i.e., melanosomes, grad-
ually become melanized within the cytoplasm
by melanin, the product of the tyrosine-tyro-
sinase reaction. As melanin accumulates on the
internal network, the external membrane grad-
ually becomes thicker and the density of the
enclosed particles increases until the interstices
of the inner network have been filled in. Event-
ually each granule becomes a uniformly dense
and structureless unit, the melanin granule,
which is incapable of further melanin formation
(Fig. 9).
5UMMARY
The various components of a homogenate of
B-16 mouse melanoma have been isolated by
centrifugation, examined individually for tyro-
sinase activity, RNA, phospholipid and protein-
nitrogen content and studied under the electron
microscope. A majority of the tyrosinase ac-
tivity present in the original homogenate was
found in the "large-granule fraction", but a
M.G. N0MSS ®
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Fm. 9. Diagram of a process by which melan-
osomes could hypothetically be formed in the
region of the Golgi apparatus of the melanocyte.
According to this concept, tyrosinase is synthesized
in the small granules (presumably ribosomes) and
transferred, perhaps along the endoplasmic
reticulum (ER), to the Golgi area (G) there to be
condensed and separated into small units. Each
unit is then surrounded by a membranous envelope
within which the tyrosinase is loaded onto or into
the network. Each unit (i.e., each melanosome(MS)) is then gradually melanized within the cyto-
plasm until it becomes a uniformly dense and
structureless particle, the melanin granule (MG).
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certain amount of tyrosinase activity was also
regularly present in the "small-granule frac-
tion."
One type of particle isolated from the small-
granule fraction by high-speed centrifugation
over a density gradient resembled ribosomes
under the electron microscope; it also contained
a high concentration of RNA and phospholipid
as well as tyrosinase activity.
The rate of in vivo incorporation of leucine-C'4
into the soluble tyrosinase isolated from both
the small-granule fraction and the large-granule
fraction has also been determined. The pattern
of incorporation of leucine-C14 by the soluble
tyrosinase of these two fractions is adequate proof
of their precursor-end-product relationship.
The data obtained in this study of the mor-
phology and biochemistry of cell components
and the in vivo incorporation of leueine-C'4 by
soluble tyrosinase are all compatible with the
hypothesis that tyrosinase is synthesized in
"small granules," which are presumably ribo-
somes, and subsequently transferred to and stored
in melanosomes.
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DISCUSSION
DE. HEEMANN PINKU5 (Detroit, Michigan):
I would like to ask Dr. Sciji to discuss one point
which I believe I understood but which I would
like him to clarify once more. Is it true that the
melanosome can exist without tyrosinase ac-
tivity? In that case the melanosome is, shall we
say, a skeleton to which the tyrosinase is an-
chored and the combination becomes the grad-
ually melanizing granule. Or, on the other hand,
is tyrosinase, from the beginning, an essential
ingredient of the melanosome? I ask about this
point in connection with albino melanocytes in
which granules and also tyrosinase activity have
been demonstrated but where no melanogenesis
takes place.
DE. RIcHARD B. STOUGHTON (Cleveland, Ohio):
I just wanted to ask one question in regard to
the specific activity of tyrosinase on the granules.
How was it determined that the radioactivity
measured was that actually of tyrosinase.
DE. STEPHEN ROTHMAN (Chicago, Ill.): I
congratulate the authors on this beautiful piece
of experimental work. I would like to ask how it
can happen that the ready tyrosinase of the
ribosome does not form melanin granules in loco
when tyrosine is present everywhere, and how
the enzyme can diffuse to a different place with-
out oxidizing the tyrosine in its path.
DE. MAKOTO Snmi (in closing): I would like
to thank the diseussors for their comments.
In reply to Dr. Pinkus' question, the melano-
some is a characteristic constituent of the melano-
eyte, with a distinctive internal structure and
tyrosinase activity. It is the site of melanin for-
mation. The status of melanosomes in the melano-
cytes of the albino has not yet been thoroughly
clarified. At the present time, we think that in
the albino melanocyte there is an inactive
premelanosome. This premelanosome may be
defined as a partele in which, although tyrosinase
synthesis and arrangement are complete, the for-
mation of melanin has not yet started. Why the
tyrosinase activity is weak or lacking is not yet
known.
In answer to the next question, raised by Dr.
Stoughton, I would say that specific radioactivity
is indicated in the figure as disintegrations per
minute per microgram of protein nitrogen of
soluble tyrosinase isolated from the small-granule
and the large-granule fractions. In agar electro-
phoretie studies, the soluble tyrosinase isolated
from the small- and the large-granule fractions
was essentially the same and was found to have
two major components, both of which contained
tyrosinase activity and both of which incorpo-
rated leueine-C14. Therefore, although the soluble
tyrosinase studied in this series of experiments
was not purified, findings make it reasonable to
suppose that leueine-C'4 was incorporated into
the enzyme; final proof of incorporation of
tyrosinase awaits the purification of the enzyme.
My reply to Dr. Rothman is that in the elec-
tron microscope, melanization appears to begin
as soon as premelaaosomes are fully formed.
Ribosomal fractions isolated from the B-16
mouse melanoma, however, did show tyrosinase
activity. Why in the melanocyte the tyrosinase
synthesized on the ribosomes does not oxidize
tyrosine en route to the melanosome, but does
oxidize tyrosine after being structurally arranged
within the melanosome, is not known at the
present time.
